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Overarching objective is accurate implementation of LES 

so it can be applied with refined precision and control

ÅPhysics of interest involves strongly coupled 
multiscale/multiphysics phenomena 

ïHigh-Reynolds-number turbulence and multiscalar 
mixing processes (Re >> 100,000)

ïHigh-pressure multi-regime combustion

ïCompressible, acoustically active flow

ïComplex fuels, multiphase flow

ïComplex geometries

ÅMany processes poorly understood, no one 
research approach gives complete information

ïSimulations only treat limited ranges of scales

ïExperiments provide limited information

ïMany sources of uncertainty

ÅTrue validation is difficult, tradeoffs between cost 
and accuracy are always prohibitive
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Flow-Wall Interactions

Multiscalar Mixing

Turbulence-Chemistry Interactions

Turbulent Shear Flow Interactions

Boundary Conditions



Compounding factors

ÅMany assumptions applied for multiphysics problems have not been formally justified; 
e.g., LES of compressible reacting flows

ïLES initially developed for inert incompressible flows, extension to multiphysics systems has 
evolved by analogy not rigorous evaluation of basic assumptions

ÅAdditional terms that arise as a consequence of filtering the compressible multicomponent 
conservation equations are typically neglected

ÅSignificant nonlinearities are introduced due to compressibility effects and nonideal behavior 
associated with thermodynamic and transport properties, etc.

ÅNo formal guidelines that quantify the required spatial or temporal resolution for 
accurate implementation of LES due to model complexity and nonlinearities, etc.

ïDifferent systems of subfilter models will have different requirements regarding ranges of 
scales they can accurately represent

ÅExisting models are not always implemented ñconsistentlyò with rigorous resolution requirements in 
mind (i.e., resolution based on what is computationally affordable)

ÅNew models may be required to account for additional terms such as scalar-scalar covariances
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Supercritical fluids pose unique additional modeling 

challenges due to highly nonlinear property variations
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